pectus excavatum with its accompanying cardio-respiratory disabilities in later life. Therefore, simple operative interference is strongly advised whenever the deep rythmic inspiratory retraction of the distal portion of the sternum and lower anterior thoracic cage persists beyond the 18th month of life. 3 We consider the deformity of the thoracic cage observed in funnel chest to result from a neuromuscular imbalance whereby the antero-posterior fibers of the diaphragm are overstimulated. Thereby, the chest, and in particular the lower segments of the sternum are retracted on inspiration. The manubrium, xyphoid and contiguous cartilages and ribs become fixed in a retracted position when the phenomenon persists beyond early infancy. In addition, there is an accompanying general decrease in the anterior-posterior diameter of the chest. The heart may remain in its normal mediastinal position or may fortuitously be shifted well into either the right or, as is more frequently the case, into the left hemithorax. Once the pattern of pectus excavatum has become fixed an individually abnormal cardio-respiratory problem should and clinically does result. The extent of the adverse pathologic effect of this unusual physiologic state depends upon the concerted action of the following individually variable factors: 1) Position assumed by the heart. 2) Total decrease in the antero-posterior diameter of the chest.
3) Degree and shape of depression of sternal segments. 4) Age. "Complaints" for which infants were referred to thoracic Surgeon. 
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Position Assumed by the Heart:
The heart may assume any position in the thoracic cage but is most frequently observed in the left hemithorax (Table XI) . Obviously displacement of the heart from its normal position may well be accompanied by more or less rotation and this is confirmed by the frequent presence of right axis deviation on the electrocardiograph. In one instance the heart was so displaced that the apex was under the right clavicle. One might assume that patients in whom the heart is fixed under the sternum would present predominately cardiac symptoms. Actually this is the case once such symptoms are noted. Cardiac symptoms did exist in a majority of the adults regardless of the position of the heart. But displacement of the heart laterally decreases the likelihood of severe adverse alteration of cardiac function.
Total Decrease in the Antero-Posterior Diameter of the Chest:
Shortening of the diaphragm in its antero-posterior diameter decreases not only the capacity of the thoracic cage but also greatly impedes or completely obliterates the normal elevation of the ribs on inspiration. Thereby one of the three components of the act of respiration is more or less lost to the patient. He is then unable to efficiently clear the tracheobronchial tree of retained secretions. Hence the greatly increased susceptibility to respiratory infections. Seventy-five per cent (9 cases), of the infants and a n identical percentage of the adult series (24 cases), exhibited this symptom. Furthermore, frequency of respiratory infections is usually the first symptom complained of and is the one most often satisfactorily influenced by operative interference. aranted that removal of rib and cartilage segments decreases the perimeter of the thoracic cage, concomitant elevation of the anterior rib ends widens the thorax in its antero-posterior diameter. This, plus elevation of the sternum and lengthening of antero-posterior diameter of the diaphragm results in a positive increase in the capacity of the thorax (Diagram 1). Not infrequently there is marked asymmetry of the two sides of the thorax, one side being relatively well developed and the other depressed. The asymmetry is accompanied by a tilt of the manubrium. Operative repair of the deformity does not give a completely symmetrical result (Diagram 2). The asymmetrical status is probably dependent upon one, rather than both, phrenic nerves being overstimulated.
I t is appropriate to state here that we believe "pigeon breast" to be due to comparable neuromuscular abnormality in which the lateral fibers of the diapvagm are overstimulated, thereby, causing a contraction of the thorax in its transverse diameter.
Degree and Shape of Depression of Sternal Segments:
The depression of the sternum commonly starts a t the junction of the gladiolus and the manubrium and continues to its greatest depth a t a constant slope to the xyphoid. We have observed the separation between the anterior bodies of the vertebrae and-the xyphoid to be as little as 2 cm. Occasionally a deep spoon shaped depression of manubrium is seen ( Figure 1 ). As was to be expected, the most severe respiratory and particularly cardiac symptoms were noted in those adults whose heart was fixed near the midline and severely impinged upon by a marked depression of the sternum.
Age:
Our patients varied from nine months to 40 years of age. Each decade presented approximately the same number. The majority of all groups exhibited respiratory symptoms of one kind or another. In this series psychological problems related to the funnel chest deformity became manifest particularly in the second decade of life and were apparent as an associated major complaint occassionally thereafter. Similarly "cardiac" symptoms usually appeared towards the end of the second decade and became more frequent and pronounced as the patient's age increased. Cardiac disease, other than that which could be solely attribded'to the thoracic cage deformity, was frequently observed. Suffice it to say that respiratory symptoms and psychological complaints are usually benefited by operative interference. The same can not be said for "cardiac" symptoms. By the time such symptoms become apparent to the patient the underlying adverse pathology appears to be so well established that it probably is irreversible. Most of the patients are benefited by operation, but this benefit appears to be mainly due to the improvement in the associated respiratory symptoms. Perhaps the advance of the cardiac status is retarded. Further observation is needed to definitely establish this impression.
Cardio-Respiratory Studies:
Over two years ago we began to subject all patients with funnel chest to cardio-respiratory tests. This was originally undertaken to make available a definite basis for determining what benefit, if any, might be expected from operative interference. We knew that good structural results and an improved psychological status usually ensued. We wished further to know what physiological changes were brought about. Tests were made as outlined in the accompanying "Chest Work-Up Sheet." I t soon became apparent that, for our purpose a t least, many of these tests were of no particular value. Determination of the maximum breathing capacity in 11 cases preoperatively showed it to be diminished 50 per cent or more in nine instances. It was beneficially increased an average of 31 per cent by operative interference (Figure 4 ). In two instances where operation was delayed, repeated examinations showed a gradual decrease in the maximum breathing capacity.
Comparison of pre-and postoperative maximum breathing capacity determinations on persons with a fully developed pectus excavatum deformity were informative. They sometimes showed immediate postoperative improvement which was only partially maintained, tending to become somewhat reduced particularly after about three weeks although never to the preoperative level. These results prompted a change in the operative technique4 and the institution of a regime of breathing exercises and voice training early in the postoperative convalescent period.
Electrocardiographic tracings were often reported as abnormal but there appears to be no type pattern uniformly present or attributable to pectus excavatum. These were reviewed by Dr. A. Gropper, a cardiologist, a t the Mt. Zion Hospital. He reported that of 16 cases studied preoperatively nine showed abnormal electrocardiograms, only three of which could not be attributed to other complicating factors. Moreover, comparative pre-and postoperative records in 11 patients showed postoperative changes in only three instances, either immediate or late, which might be considered as demonstrating improvement resulting from operation. These consisted in:
1) Improved A-V conduction.
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2) More normal appearance of previously depressed S-T segment and inverted T waves. 3) P wave changes most likely due to rotation. Lack of demonstrable improvement in the postoperative electrocardiographic tracings does not necessarily mean that benefit to the impaired cardiac status has not been attained.
Lester4 states he has seen no immediate postoperative change in the electrocardiogram. Dorner5 et al., report one instance in which the electrocardiogram taken the second postoperative day showed the right heart strain pattern had entirely disappeared and the P waves were normal.
Either a diminished maximum breathing capacity, an abnormal electrocardiogram, or both, may be obtained in a patient who is not yet aware of any cardio-respiratory symptoms.
I t therefore appears reasonable to add both maximum breathing capacity determinations and electrocardiographic tracings to the preoperative study of a patient with funnel chest. Abnormal electrocardiographic tracings and lowered maximum breathing capacity determinations are additional indications for operative intervention. This is of particular value in those instances in which cardio-respiratory symptoms have not as yet become manifest. Repeated maximum breathing capacity determinations showing decreasing capacity would lend further weight to the advisability of recommending operation in the patient concerned.
We have considered and plan to do cardiac catheterization studies in selected cases. These should be of more than academic interest in establishing a better knowledge of the underlying disturbed physiology brought about by the pectus excavatum deformity. But it does not appear that they will usually be necessary to establish the advisability of operation in the majority of instances. SUMMARY 1) Cardio-respiratory studies on infants are impractical. 2) Simple operative interference is advisable before the sternum becomes fixed in the retracted position, approximately a t a biological age of 18 to 24 months. Such a procedure has thus far uniformly obviated the occurrence of adverse cardio-respiratory physiology in later years.
3) The extent of abnormal cardio-respiratory physiology in pectus excavatum is dependent upon four factors: (a) position assumed by the heart, (b) total decrease in the A.P. diameter of the chest, (c) degree and shape of depression of the sternal segments, and (d) age. 4) Respiratory symptoms predominate throughout all age groups.
Psychologic complaints are primarily noted in the second decade of life. Cardiac symptoms manifest themselves late in the course of the disease. They are apparently less influenced by surgery than either respiratory or psychologic deviations which are prone to be benefited by operation. 5) Determination of maximum breathing capacity is the best single test of the status of respiratory physiology in funnel chest. Decreased capacity may be noted before the patient himself is symptomatically affected. Repeated determinations may indicate progress of the disease preoperatively and comparative postoperative studies show what operation has accomplished.
6) Electrocardiographic studies are often reported abnormal but no findings peculiar to pectus excavatum are noted. In our series there were three instances entirely attributable to pectus excavatum in which improved postoperative tracings were obtained.
7) Determination of maximum breathing capacity and electrocardiographic tracings are valuable adjuncts in evaluating the status of an individual with pectus excavatum. 8) Cardiac catheterization studies are planned. They should give a better understanding of the disturbed physiology in pectus excavatum. 2) Antes de que el estern6n se fije en la posici6n deprimida, o sea aproximadamente a la edad de 18 a 24 meses, es aconsejable la intervencidn quirargica sencilla. Este procedimiento ha evitado constantemente la aparlcidn de trastornos fisiol6gicos cardiorrespiratorios en 10s aAos ulteriores.
3) La extensi6n de las alteraciones cardiorrespiratorias en el "pectus excavatum" depende de cuatro factores: (a) posici6n adoptada por el coraz6n, (b) total decrecimiento en el diametro A.P. del t6rax, (c) grado y forma de la depresi6n de 10s segmentos esternales, y (d) la edad. 4) Los sintomas respiratorios predominan a traves de todas las edades. Las quejas de orden psicol6gico aparecen en la segunda dkcada de la vida. Los sintomas cardiacos aparecen m8s tarde en la vida. Estos son aparentemente menos influenciados por la cirugfa que 10s respiratorios y 10s psicol6gicos. 5) La determinacidn de la capacidad mhxima respiratoria constituye el mejor procedimiento aislado para estimar el estado de la fisiologia respiratoria en el pecho en embudo. Las pruebas reiteradas pueden indicar la marcha de la enfermedad antes de la opera-
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6) Los estudios electrocardiogri5ficos a menudo son referidos como anormales, per0 no se han anotado hallazgos propios del "pectus excavatum." En nuestras series hub0 tres casos enteramente atribuibles a pectus excavatum en los que 10s trazos postoperatorios mostraron mejoria.
7) La determinaci6n de la capacidad m W m a respiratoria y el electrocardiograma son adjuntos valiosos para valuar el estado de un individuo con pectus excavatum. 8) Se proyectan estudios del corazdn por la cateterizaci6n. Ellos hari5n comprender mejor el trastorno que en pectus excavatum hay sobre la fisiologia. RESUME 1) Les etudes cardio-respiratoires sont impossibles chez les j eunes enfants.
2) Une operation consistant simplement B deplacer le sternum est possible avant que celui-ci ne soit fix6 en position de retraction, ce qui survient de 18 B 24 mois. Un tel procede a, d'une facon generale, empeche dans la totalit6 des cas l'apparition de troubles cardio-respiratoires dans les Ages plus avances.
3) L'apparition de troubles cardio-respiratoires dans les cas de depressions thoraciques depend de quatre facteurs: (a) position prise par le coeur, (b) diminution totale du diametre anMroposterieur du thorax, (c) importance et forme de la depression sternale, (d) Age du malade. 4) Les symptdmes respiratoires sont predominants pour toutes les categories d'gge. Les manifestations psychiques n'apparaissent que d a m la seconde decade de la vie. Les signes cardiaques se manifestent tardivement au cours de la maladie. Ils sont apparemment moins influences par l'operation chirurgicale que les troubles respiratoires ou psychiques. 5) La determination de la capacitd respiratoire maximum est le meilleur test pour juger de l'btat respiratoire dans les cas de depressions thoraciques. Une diminution de la capacite peut etre constat6e avant que le patient ne ressent lui-mCme les symptOmes. Des mesures repetees permettent de suivre les progrh de ces troubles, et de se rendre compte apres l'operation des rbultats que celle-ci a pu obtenir. 6) On a souvent rapport6 les modifications electrocardiographiques, mais on n'a jamais signale de constations particulikres B cette affection. Dam nos series, dans trois cas, les troubles 6taient completement attribuables 9. la depression thoracique, et les t r a c b montrerent des progrCs apres l'intervention. 7) La determination de la capacite respiratoire maximum et les tract% electro-cardiographiques sont des auxiliaires utiles pour &valuer le bilan d'un individu atteint de depression thoracique. 8) L'auteur a l'intention de faire des catheterismes cardiaques. Ceux-ci donneraient de meilleurs renseignements sur les troubles physiologiques clans les depressions thoraciques.
